General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



NASA TM X- 72716 


NASA TECHNICAL 

MENiORANDUIVI 


NASA TM X- 72716 


(NASA-TM-X-72710) llilEiIOF NOISE LEVELS OP N75-2806b 

TUC PFCFELLEF-CFIVEh IIGHT AIFCBAFT (NASA) 

21 p HC $3.25 CSCL 20A 

UncldS 

G3/C7 29881 


INTERIOR NOISE LEVELS OF TWO PROPELLER-DRIVEN 
LIGHT AIRCRAFT 


By 


John J. Catherines and WMliam H. Mayes 


July 1975 



This informal documentation medium is used to provide acceierated or 
special release of technical information to selected users. The contents 
may not meet NASA formal editing and publication standards, may be re- 
vioud, or may be incorporated in another publication. 


NATIONAL AERONAUTIC: AND SPACE ADMINISTRATION 
LANGLEY RESEARCH CENTER, HAMPTON, VIRGINIA 23665 


t R*pori No 

1 7 Ooowtwnont Accunn No 

1 NASA TM X-72716 

1 


4 Till* and SuMitl* 


INTERIOR NOISE LEVELS OF TWO PROPELLER-DRIVEN 
LIGHT AIRCRAFT 

T Auihcwltl 

John J. Catherines and William H. Hayes 

9 Hirfaimi»« Ortwii/alion S*m* and AddiMi 

NASA-Langley Research Center 
Hampton, VA 23665 


1 7 r^Kintminq Aqwv , N«m* «nd Addrau 

National Aeronautics and Space Administration 
Washington, DC 205^6 

[Ts biippt*n«»f>t*'v ^11 i 


I J N'.ipMni I C*Uki« No 
• > R*pon Oil* 

July 19/5 

Srlormin* Uff*ni/« 1 Kir Cod* 

2£30 

H. ^’rtoiming Oif*ni/*lion N*fiort No 

TM X-72716 

. 10 Mark U««l No 

504-09-21 -01 

II. Conirart or Gram No 


II Typr ol Raiiorl arul Paiiod Cnvarart 

Technical Memorandum 

14 Spixitorino A*anry Cod* 


! 1b Ahalrai I 

{ I 

An experimental investigation was conducted on the interior noise of light 

ai’-craTi. The purposes of the investigation were to determine the relationships 

I I 

j between aircraft operating conditions and interior noise and to determine the | 

I degree to which ground testing can be used in lieu of flight testing for 

j performing interior noise research. The results of this study show that the 

I noise inside light aircraft is strongly influenced by the rotational speed of the 

j engine and propeller. In particular, the A-weighted JB levels increase with 

• increased engine/propeller rpm for all ground and flight operations. 

! Both the overall noise and low frequency spectra levels were observed to ' 

I 

decrease with increasing high speed rpm operations during flight. This phenomenon 
and Its significance is not presently understood. Comparison of spectra obtained! 
; in flight vrith spectra obtained on the ground suggests that identification of 
frequency components and relative amplitude of propeller and engine noise sources 
may be evaluated on stationary aircraft. 
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ABSTRACT 

An experimental investigation vaa conducted cn the interior noise cf light 
aircraft. The purposes cf the invest lg,at ten were to dcterrfr.c the relationships 
between aircraft operating conditions and interlcr noise auid to detenrlne the 
degree to which ground testing can be used in lieu of flight testing for 
performing interior noise research. The rcsuics of this study show that th-- 
noise inside light aircraft is strongly influenced by the rotational sp» ed of the 
engine and propeller. In particular, the A-welgh^ed dB levels increase with 
increased engine/propeller rpm for all greund and flight operations. 

Both the overall noise and lew frequency spectra levels were observed to decrease 
with increasing high speed rjn operaticr s during flight. This phenomenon and 
its significance is not presently ur.derstood. Ccmporir.cn of spectra obtained in 
flight with spectra obtained or. the g.'ound suggests that Identification of 
frequency components and relative amplitude of propeller and engine noise sources 
may be evaluated on stationary aircraft. 
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rhTRODUCTIOTC 

An assessnent of aircraft Interior noise tcchrclogy has been conducted at NASA 
Langley Research Center to determine whether improvements are r.r.edc-i to control 
the noise for the comfort oi crew and passengers. As part cf this assessment, 
interior noise levels of light siren ft and other current types of aircraft, 
were examined. A sar.ple of these, interior noise levels is presented in figure 1. 
Interior noise levels of busses, railcars, and automobiles are included fer 
comparison. The data shewn in figiu’e 1 were cbtalnec from refs. 1-6. Figi.re 1 
shows that the noise levels measured inside light aircraft were between 8L and 
10^ dBA. Comparison of these levels with levels found in other vehicles, and 
consideration of the response of peopJ ' tc these levels, leads to the conclusion 
that substantial benefits can be obtaii.ee by reduction of this noise. 

Control of light aircraft interior noise requiret Kncwledge of such factors as 
the noise sources and paths of entry into the interior. Gome ef these factors 
are described in figure 2 . Sources cf roloe include propellers and reciprocating 
erigines, as well as auxiliary equipment and flew of air over the aircraft. Noise 
can enter through the lightweight fuselage structure, through windows (that 
comprise a large percentage of the I'usclage area}, or tlircugh acoustic "leaks" 
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in the nonpresBurizea structure. Koise cur. also be transmitted directly by 
structural vibrations induced by the engine*. It can be seen that the many 
factors contributing to the interior noise and the complex interactions among 
these factors makes it a difficult task to control the noise. The task is made 
more (iif'^cult by the need to maintain the i»trfo»*mance and economy of the aircraft I 

while reducirig the interior noise. In reviewing the technology, ic wau four.d I 

that insufficient inforc.ation is available on the characteristics «>f the interior 
noise, or on methods for its control. The {rincipel previous work is the stuaies 
by Tobias (refs. 2,3) of the effects of altitude. 

As indicated in figure 3, the work describee in this paper har twe objectives, 
namely, (a) to determine the relationships between aircraft operating conditions 
and interior noise and (b) to determine the degree to which ground testing can 
be used in lieu of flight testing for performing Interior noise reseorch. The 
interest in ground testing arises from the thought that interior noise studies 
may be performed more easily and more systematically on a at r. -ry aircraft 
because of the accessibility of instrument ct lor , added measurti ,;.t capability, and 
a more controlled acoustic envirorjnent . However, before such studies can be 
performea, the important characteri: tics of the interior noise must be understood 
fer both flight and ground test conditions. This paper presents results of 
interior noise measurcaaentc obtained fer a two passenger, single engine, propeller 
driven aircraft for both ground operations and for a range of in-flight eperating 
conditions. Measurements cbtalncu in a twin engine, propeller driven type aircraft 
during normal flight operations are also j resented. 
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TECT DEncnilTlOH 


Ttat Aircraft 

Interior noise meKnuren.ei.to were ubtair.ec. k1 the paotenger seet location for two 
types of light aircraft. The aircraft were unn.odifled and have specifications 
as presented in figure 1». The single ej^ine, two neat aircraft (1973 model) ie 
believed to be representative of one of the most popular currently manufactured 
models. The -win er.glne aircraft was u four seat (I9r>7) model ard had a Known 
door seal leak. 

Test InstniT.entaticn and I'rocedure 

Sound pressure level measurements wei*e ebtained in flight using a (type 1, 
precision) sound level meter. The electrical output of the sound level meter 
was also recorded on a portable rcagr.etlc tape recorder for cubsequent detailed 
frequency analysis. An amplitude modulation method was uu*'’ *.* the data 

on tape, together with a 7.5 inches per neccr.d recorder tape speed allowed for 
a frequency analysis of up to 10,000 Hs. 

The procedure for the flight ttsts of the cinglt engine, j<rcpeller driven aircraft 
involved cruise engine rpm settings of 2,000, 2,200, and 2,500. Noise r.ea8urer.ent 
were obtained Ter each of the rpir. settingf at fiigs.t altitudes cf 1000, 2000, 
and 3000 leet and for one condition cf idle descent. The flight conditions were 
identified on tape by the use of a thice-dlgit , dial-set, battery operated 
encoder triggered by the observer. The coding device imparted a binary digital 
code to the tape which was used to identify the varicus flight events. A more 
complete description cf coding device is giv*>n in ref. 7. 
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A second part of the study involved interior noise measurener.ts on a staticnery 
aircraft tased on the objectives nenticnec earlier. In order to investigate 
ground reflective effects, the aircraft was operated on both concrete and 
grassy surfaces for engine speeds of 1,200, 2,000, and 2,U00 rpm. Measureir.erts 
were also obtained with windows open and windows closed for the engine o|>erating 
at 1200 rpci to obtain information on ncise path Identification. 

For the twin engine aircraft, which haa a known deer seal leak, data were 
obtained cn a noninterference basis during a r.orr.Hi passenger caro'ing flight. 

Data Analysis 

The data recorded on raag.’ictic tape wat played back to obtain an oscillogrcph 
record of the noise data, the three-digit binary code, and a HACA-36 bit time 
code. The tir.e code wac added to the taje it. the initial cata reduction pri-ceas 
to identify the digitizing times. The data shown in this paper were reduced 
from 5-Becond segments that were selected fer each aircraft condition. The data 
were digitized at a rate of 20,000 eun:pltr. per second. Eased on the Nyqulot 
requirement of two samples per cycle, this uarplc rate yielded valid results 
up to 10, COO Hz. Before digitizing, the uata wc-e filtered with an ana'og low 
pass filter having a cutoff frequency' of 1C, COO Hz, in order to eliminate the 
problems of folding or aliasing (see ref. 8). 

Lastly, the data were reduced cn n CDC <^f0C series computer using a Fast Fourier 
Trajisform (FFT) program (ref. 9) to cbtuin the desired outputs. The outputs 
of this program were OACFL, tlBA, and sound pressure spectra in the fort, of 
constant band (2C Hz bands), 1/3 octave and octave band analysis. 
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PirULTC AKU DIcaSSION 


EiTeetr cf PPK In Flic^'t 

round preorure spectra obtained In the cingie engine I'.ircraft are shown in 
figure 5 for three different englne-prcpt j icr rji?! oettingD measured st a flight 
altitude of ICOO feet. In aduitlcn, the indicated airspeed, overall dB, and dI<A 
values are given for each engine-propeller rpr condition. It con be seer that 
the predominant pe-Jt of the spectra , for all rpr conditions, occurs below ICO Hz. 
The fundamental propeller- engine firing frequencies varied from 67 tc 83 Hz 
during the increase of engine rpr. from ?000 rpm to 2yCC rpm, respectively; these 
frequencies correspond to the dominant peaks shewn below ICC Kz. For this 
frequency range, which controls the overall CPL, the spectral levels decrease 
with Increasing engine rpm and rirspeed. The reason for the observed dtcrease 
is not fully understood. Possible reosci.e oi'e different propeller inflow 
conditions, effects of forward speed, and fuselage structurnl reBponrec. However, 
at frequencies greater than ICO Hz, which contxrls iV.t dBA level, the spectral 
levels in rease with engine rj.m no would be expected with the correspcndii.g 
increo. «d airspeed and engine power. The peaks in the opcctra ahove 100 Hz 
are associated with pi*cpcller-enf Ir.o lirii.g frequency harmcnlco. 

Comparison of Might vitl C-rounc Tests 

Noise spectra for both ground and flight cor.diticns are shown in figure 6. These 
data were obtained for an engine-r.-npell«'r setting cf 2COO rpm, with the flight 
condition at an altitude of iOOO ft ana uti IAS of 72 knots. It is seen that the 


dominant low frequencies (below ir-.l Hz) and most of the high frequency peaks 
measured in flight are in good agreement with those measured in the stationary 
aircraft. In the midfrequency r.inge (100-2000 Hz), the noise levels are higher 
during ground tests by up to 6 dB and are believed to be due primarily to 
ground reflection. Hotn^ver, for frequencies above about 2000 Hz, the flight 
spectrum levels are higher than those measured on the ground. This result is 
believed to be due to aerodynamic noise associated with flight. The above 
results would suggest that identification of frequency components and relative 
amplitude effects of noise sources related to the propeller and engine may be 
studied on stationary aircraft. 

A summary of the noise levels measured for all flight and ground test conditions 
are shown in figure 7. Overall and A-weighted levels are plotted as a function 
of propeller-engine rpm. Included in the data are results from ground tests on 
both concrete and grass surfaces and also flight data for each of three altitudes, 
including engine idle descent. The engine idle descent data are given by the 
two open circle data points at 1200 rpm. Curves are drawn through the data points 
for comparative purposes. 

Several observations can be made from this figure. For all conditions tested, 
the dBA levels increase with Increasing engine-propeller rpm. The values of dBA 
associated with ground runup are seen to he about 6 dBA higher than those 
measured during flight. It should be noted that the slopes of the curves 
associated with the dBA levels for both ground and flight conditions are approxi- 
mately the same. This result would imply that dBA levels arc indeoendent of 
forward speed for this aircraft over the operating range of the study. Caution, how- 
ever, should be used for this Interpretation, since ground reflection and airspeed were 
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uncontrolled variablec and may hive aelf'crpensatlng effecta. The effecla of 
altitude on both the overall und dI(A levels are s' *'n to be mall (within 1 dD) 
as would be expected from the test results reiK.rted in reference ?. For higher 
rpn settings, the overall iiPL ure seen tc dt'.’rcaoe with incrcaolng ryn particularly 
for all the in-flight test ccndltions. 

Effects o: UlndowB 

Ac lucntlcnei earlier, wince's art cor.cidtrcii to be an important tranronlBsion path 
for noiae tc enter the interior cf light, aircraft, wince to the autljoro' 

Knowledge no quantitative information la available on window effects, seme 
prellnlnary infemation wan obtained or the effect of wlndovo or. the measured 
Interior noise. The single engine aircraft wan opernted at a cenotant 1200 rpr 
on the ground ai'.d rxjine mea8ur>?r.or.t."' were obtained with the windows open and with 
the windows closed. The results of theae met4L.urcir.entR arc presrnted in figure 6. 

It can be seen that in general the cpectra cltained for there twe conditions have 
the same shape. Slightly higher anpiltuficn ausoclated with the window open 
condition were measured over the frequency range of about 2CC tc 6000 Kz. It 
should be noted that the overall LTL and .'iV. level increased 3 and 6 dH, respectively 
with the windows open. This result iridicnlcH that windows do provide seme noise 
reduction for the aircraft cabin and that the relative ccntrlbuticn of windows ac 
a noise transrission path for light aircraft should be further investigated. 

Effectr. cf Door £eal Leak 

Another factor that may contribute tc t.he li.t.triir noise oT light aircraft are 
seal leaks that nay occur around epeningr o^ windows and dr on. of older aircreft. 
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Come noise date pertainine to s seal leak were obtained and are shown in figure 9> 
Noise spectra were measured at a pssseneer seat location in a twin «'igine, four 
passenger aircraft for two flight conditions, namely, lift-off ar.d < .niisc. The 
speed of tht aircraft during lift-off war aoproximately 87 knots ct .pared tc 
l6l knots measured for cruise. Ttie spectral data has a peak at a> ut 125 Hz 
wtich corrrspondc to the propeller and er.gine firing frequencies Purthermore, 
at the higher frequenelen above 1000 Hz, the ncire levels are b gher during cruise 
ana, since the engine rpr. is lose but the rpvcii has increared , the source of 
thifi noice is believed to be aerodynamic ir. nature. Furthf r evidence of this 
observation is shown by the third spretrun. which war isearurod near the door seal 
leak. The spectrum level at the higher frequencies Ic about 15 db higher v'len 
measured near the door leak ac compared tc the seat Iccaticr. and is approximately 
25 db higher when compared tc the lifl-cfl coniition. 

COHCLUDIKG PI.MARKC 

The results of this study show that the noise levelc inside light aircraft are 
strongly influenced by the rotational epeetl of the engine and propeller. In parti- 
cular, the A-weighted db levels incroaf-c with increased engine-pr<ipelle: rpr. for 
all ground and flight opera! lone . 

Doth the overall rxiise and lev frequency jpectra levels were observed tc decrease 
with increasing high speed rpr. operatlcr.r. curing flight. This phenomenen and 
its significance is not prer.ently understood. 
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Conpariaon of opoctra obtainad in flight with apactra obtalnad on thr it;ound 
auggaata that Idantlf Icatlon of fraquency coaponenta and ralatlve amplltuda of 
propallar and angina nolaa aourcaa aay be avaluatad on atatlonary aircraft. 

Cloalng of tha aircraft wlndova provldad approxlaataly 6 dBA of interior nolaa 
raducClon undar atatlc condltlona. Door aaal leaka provided a aourca/path for 
aarodynaalcally generated In-fllght nolaa. 
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Figure 1.- Ltnr.pariror. cf interior ncise levels 
(cruise conditions) 
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Figure 2.- Factors affecting interior noise of light aircraft. 
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• OBJECTIVES 

TO DETERMINE INTERIOR NOISE CHARACTERISTICS WITH FLIGHT PARAMETERS 

TO DETERMINE ADEQUACY OF GROUND TEST REPRESENTATION OF IN-FLIGHT 
INTERIOR NOISE 

• TEST PLAN 

SINGLE ENGINE AIRCRAFT TWIN ENGINE AIRCRAFT 

FLIGHT TEST 

^ RPM 

ALTITUDE 

GROUND TEST 
RPM 

SPECIAL TESTS 

GROUND SURFACE EFFECTS 
WINDOW EFFECTS 


special test 

NORMAL FLIGHT CONDITIONS 
WITH KNOWN DOOR SEAL 
LEAK 


Figure 3.- Objectives and test plan of light aircraft ncise rtudy. 
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Figure 1-.- General specification of light aircraft studied. 
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Figure 5.- Ssx.ple of r.cise srectra r.easured ir. a single engine aircraft for three 
different erg-ine rpr. settir.gr at a flight altitude cf lOOC feet. 
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Figure 6.- Cor.^^son of measured noise spectra in a single engine airera- crerat^r.ir 

at 2000 rps during flight and ground tests. »*rera.. cperat.r^ 
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Figiire Surjr.ary cf interior noise levels 
in a cir.gic engine aircraft. 
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Figij*e 6.- tffects cf vir.dows on r.cise 
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Figure 9.- Effects cf doer seal leak on r.cise spectra teasured In a tvin ermine aircraft. 


